The generation of steel slag and fly-ash as industrial waste is very high with the development of industry. The accumulation of the waste not only takes the large amount of land but also causes some environmental problems. The intention of this paper is to recycle the steel slag and fly ash to produce cementing materials by alkali-activating. A new type of crack-resistance mortar can then be made by the alkali-activated cementing materials without any Portland cement. Two kinds of sodium silicate used as activator in the study are in solid phase and liquid phase, respectively. Tests of compressive strength and flexural strength were performed to evaluate the properties of the crack-resistance mortar using the two types of activators. Results show that solid activators can obviously improve the compressive and flexural strength at early stages, but become weaker in the later stages .The strength of the mortar using solid activator is increased by 12% compared to liquid activator at the early stages. Moreover, as the water-cement ratio increases, the mortar strength decreases.
INTRODUCTION
Fly ash refers to an industrial waste which is collected from the flue after high temperature combustion. It was finally collected by dust collector in the coal-fired power plant. Steel slag is a solid slag, composed of slag making materials, smelting reaction and erosions off furnace and fettling materials. It was the by-product of the process. In China, the annual discharge of fly ash is about 180 million tons, slag annual production can be totaled about 3,000 million tons. One ton of steel can generate 15-20% of steel slag. Without comprehensive utilization, these slag and fly ash will lead to land occupation, environment pollution, and resources waste (He et al., 2009; Li et al., 2005; Huang et al., 2011) . In recent decades, studies indicated that fly ash and steel slag have a similar mineral composition with the cement. With pozzolanic activity, it can be used as secondary resources, which also includes slag and fly ash mixture to produce the overlay effect. Li et al. (2010) indicated that the fly ash-steel slag can improve the resistance to chloride ion of concrete. Zhang et al. fly ash-steel slag as a base material in road pavement, and found that this material can fully meet the requirements of road base materials. Li et al. (2015) proved that the double-doped fly ash and steel slag will enhance the permeability of concretes Moreover, researchers adopted strong alkaline activators to activate the pozzolanic activity of fly ash (Li et al., 2000; Fernandez et al., 2005; Qian et al., 1997) . Then the alkali-activated fly ash can be used as cementing materials to replace Portland cement.
The present study is concerned with the production of crack-resistance mortar using alkali-activated steel slag and fly ash as cementing materials. Two kinds of alkaline activator are adopted. Then the mechanical properties of the mortar based on the two activators are analyzed.
EXPERIMENT PROGRAM Experimental Materials:
1. Steel slag-fly ash. The fly ash used in this study is Grade II fly ash from Hua neng Power Plant in Zhu cheng. It is a powdery residue after pulverized coal combustion. It was from the Steel Plant of Rizhao. The chemical composition of fly ash and steel slag is shown in Table 1 . In this experiment, two kinds of activators were used, activator A made of liquid sodium silicate and NaOH, and activator B made of solid sodium silicate powder and NaOH. The modulus of the two activators were adjusted to 1.6 in the experiment.
Experiment Procedure
The test is performed to study the effect of the activator and water-cement ratio on the mechanical behavior of the crack-resistance mortar. The mix proportion of different the groups of crack-resistance mortar is seen in Table 2 . All the fresh mortar was put into plastic moulds with sizes of 40 mm × 40 mm × 160 mm for determining the compressive strength and flexural strength. The demoulded specimens were maintained in a curing box with a temperature of 20°C, and the humidity is not less than 95%. Finally, test the flexural and compressive strength after 7 days, 14 days and 28 days. Tests were carried out after 7days', 14 days' and 28 days' curing, respectively. It can be seen from Figs. 1 to Fig. 4 that the strength of mortar decreases with the increase of water-cement ratio, both for Activator A and Activator B. It indicates that the increase of water-cement ratio, the free state of water will be more and more, and the excess free-state water will be attached to the aggregate surface, and it will occupy the cementing material and aggregate contact surface. It leads to colloidal and aggregate contact surface reduction. The corresponding force will be reduced, and finally, the strength of mortar will be reduced. As the water/cement is reduced, however, the workability of mortar becomes worse so that it may be inconvenient to construction. It indicated that the compressive strength is improved significantly mainly in the early phase, while the flexural strength increases mainly in the later phase. Figs 5-10 shows the effect of activator on the compressive strength and flexural strength at different curing ages. It can be seen from Fig. 5 to Fig. 9 that the early strength of the mortar using the activator B is higher than that of the activator A (liquid activator). But the latter strength is lower than that of the activator A; mainly because the reaction rate of solid activator hydration fast. It can then improve the hydration rate and the speed of C-S-H gel formation at early stage, but its later effect is not obvious.
RESULT AND DISCUSSION

CONCLUSIONS
1. The strength of mortar decreases with the increase of water-cement ratio, both for Activator A and Activator B. 2. The growth of compressive strength mainly in the early phase, while the growth of flexural strength mainly in the later phase. 3. The early strength of the mortar using the activator B(solid activators) is higher than that of the activator A (liquid activator). But the latter strength of the mortar using the activator B is lower than that of the activator A.
